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£bflms of poly- [Oa(bpy)N,,vpy)TJ sa0ihdbtentomtl electrodes can

support electron hopping, concentration gradient-driven electron c uction in

acetonitrile vapor and in dry N~a whnteptnildfeece between the

wineCateelectrodes lb made such as to ii~aea mixture of Os(III), Os(II), anq.uI statoe,.

The latter requirement is dtctated by t1h fieaol(o ugt) of Cli~wtrin
in the film. It is significant that C10 4 ions~can move relatively freely in the dry
film, that iiie apparent Os(III/II) and 09(11/1) formal potentials are different for

the vapor and dry N1nvironments, and that currents through dry polymer films are lair er
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ZLECTUOCHIEMISTRY OF POLYMER FLMES NOT IMMERSED IN SOLUJTION: This laboratory recently described Isteady state Slectro.t candor

LECTRON TuaJISR UP am Ion NDOT through sub-micron film of olectroective polymeric transition mete

counples sandwriched between two electrodes. Complexes like

joeepb C. Jernian, Christopher 9. D. Chidey [Os(bpy) 2 (vpy) 2 J(C104 ) 2 mere aectropolymerised 
2
, onto polished Pt

and Ryce . Muray*overlaid with a porous film of evaporated Au, which was contacted b

Ronan Laboratories of Chemistry electrolyte solution containing reference and auxillary electrodes.

University Of North Carolina paper, we show that vltingrne with large limiting currents cam

chapel Bill, North Carolina 27514 obtained for similarly prepared
1 
IPt/poly-os(bpy) 2 (vpy) 2 (C10 4 ) 2 /Au

sandwiches in t abence of an electrolyte soluftion, bathed only

ABSTRACT saetoitrile vapor, or dry 52 sn

films of poly-jOa(bpy) 2 (vpy) 2 H(CIO 4 )2 sndwitbed between two metallic The essential feature* of the previousl Sandwich woltieotry

electrodes can support electron hopping, concentration gradient-driven electrolyte solution are summarized in Figs. IA and It. Fig. LA is

electron conduction in acoenitrile vapor ad in dry N2 gas, when the voltamograf where only g Ptis controlled (en. SSCR). ad abows So

potential difference IA between the electrodes is mae such as to posnera WHOsIMl). WWIII). sad O0(l/0) (formal) couples. in Fig. IB, wh

mixture of o(ll). OelI). and 09(t) staes. The latter requirement is ap and SMare costrolled (Mn. RIK RAU at OT an&d tben Sari

dictated by the fixed pool (ion budget) of CIU.- counterions is the file. It steady stats curreat-potstlail wave appears when itF posses each Vc

is slgehficost that CIO04  i ons can moe relatively freely in the dry film. file electroactivity. to the wave at positive Z t for instace,

that the apparent O(I1l/ll) ad O(11/1) forml potentials are different for limiting current (1i1 1 1 / 1 1 ) smass that all of the polymer neat to t1

the vapor end dry N12 environents, and that currents through dry polymer electrode is Oo~lll) ad all that meat to the Au electrode is 06(11

films are larger then is vapor-exposed filsm, linear coecetratlos gradients of 06(111) and OGCRI) states in the

,, ,fthe file as in fig. IN inset, This I I limiting current is

t, U; the rats of electron hoppisg between 0%(111) and OscIl) sites il

of. sad is prosrtleeal to the *lectres diffusion coefficientJ ,~ ,,~ Oe~WHIM) coas ad iaversely prePortlocal to film thickmness d.

0a CPig. IC shov. a t/pely-ifa(by) (vp) 1C0)/An ""rich an

04 0-4 21('0 2

vi4 g twe electrode cell hotbed isa meetrlle v2 (sat'&. ZSC). Be
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flows until the potential 'at applied between the Pt and Au electrodes flowing are as in Fie. IC ist. Ta. diagram contais the elements th

exceeds ca. I."1. Tha, a reproducible. steady $tats vltingrC~ appears 08(1I1) and 08Ml sites react quantitatively in the isterior of the fi

with as % 2.02#0.01T (for 7 electrodes) Which eqeals the dif ference form WitU) sites, whose position of smaimun concentration is duceesis

betwes the formal potentials *0.73 ad -1.32T of the WHIM1/1) snd 09(11/1) joistly by the ioe budget and the relative vales of %(I end)a I

couples appearing in Figs. IA *ad 13. sad occur$ at I.U,) d/D. , 1  * (IIJ1J

We ascribe the electrical behavior in Fie. IC to the production of As discussed previoualy for reo.m conductivity. Eq. 1 rests em @I

00(i11) and Oe(1) sites at Ft snd Au electrodes, respectively. Vitbout a conduction driven by coseatratio gradients of Os roes sites snd mec

bathing electrolyte sories, charge coseervation requires that for each trans-film potestlal gradiests. The electros coodectims in Fig. IC is

0.111) site oxidizsd to 05(111) at the ft electrode, ssor nest be reduced respect diffoe free that discussed previously for dry mixed volume fi

to 00(t) (releasing a C104- comterlen) at the A electrode. Thie s h e Also, we believe i 111/ 1 "~d the electron diffusion coefficiests is eq.

celled as iee bast, to emphasis the coupling of the redo" chemistry of the principally reflect electree rather then issic mobilities is the polym

film to it. fined bet evidently quite obile poet of electroisactive IO4  eo 1i1 11 / 1 is additionally different free currsto is polymer slectrely

touxterioea * with iosi-blehisg eletrefte. the Fig. IC expsrimsnt done tiead angles

The limitis corrost 1 111/1 is Fig. IC cam be relaed to that of the this layer electrodes costasns "~lotions of roam species as doecrib

08(111111) ove (i1 1HIM1 ) is Fig. Is with simple electron diffesis and USrd snd coworkers 
10 .

charge ceowse~tiee stsxemests to give 7 I oltinmtry of the Oan Pt/pely-OG(bpy) 2 (spy)2 1(CIo4 )2 /Ae onse"

dry 51 gee shoes (Pig. 13) a recogaisable veve eves the~ solvent hoe

1 I1/ A 3I/i Na //3 ii1 (I) hes deliberately it added. Ibe "dry" vltmmrs done skew elgnlfice

If the olsctree diffusis coefficients 90(1111u a"d %(It/l for the differences from Fig. IC. First,* there is hysteresis betwees currents

WH(IMI) sod WW11I) ce"Ples is Fig. IC ae ssamed to be the sam oa recorded 1699 ja is increasing vs. decreasing; this effect is loee

thes in aeeltrile liqeid-heehed polymer in fig. 13, this equatlee proounced for slowly seesed at. Apprently. C104- toqaterime aee

predicts that I 111 11i111 1 / 11 , 2.0,. aiub io fsirly clase to the ratio whbile is the ase" of eetesitrile wsper, sad an the tims @"ale of

observed is Wis. IC and awlemeve experiame 2.100.4 (evg. ef 7 sees do set myv rapidly smug first tmrd sad them awy frew the Os

elestrodso). 9g. I sms them to give a am first order seems of She sido of the file (aps its eidotlee ead roection, respectively) to.a

Topew-bethed empovist. te some theery predicts that ceeeetrotiee tree *oady state euet s sod esseestretie. profi lee of Ots ites. *at

profiles of Os(lil), de(It). amd 00(t) sites is the film Sh" the I is 11/ plateau. the CIO 4 emblty should sgiM becae lose selgelicam

TC
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relation to the electron diffusion rate. Secondly, 91for both increasing

and decreasing ag scans, 2.47#O.IV and 2.14+.O.OV (avg. for 8 electrodes), .unupacs

respectively, are botkh larger than tbat (2.02V) for the vapor-bathed film of

Fig. IC. This sugests that one or both of the "dry" OsfII/ll) and a. Present address: AT 4 T Dell Laboratories, Murray Hill. N.1.

WsIWI/) formael potentials differs significantly from those of the vapor- 1. (a) Pickup, P.C.; Murray, 1.1. . #. 0Cbe. Soc. 1963, 105. 4510; Wb

solvated couples. Thirdly, limiting currents I/ in dry 0 (Fit. ID) are Pickup, P.C.; Murray, R.N1. J. glectrocam. Sac. 194,. 131. 633; (c) Pickul

2.5.0.6 (avg of 7 electrodes) times larger than Cho#* in acotonitrile vapor P.G.; Kutner, W.; Laidner, C.R.; Murray. RW. .J. A. 0Cs. Soic. 1964, 10,.

(Fig. IC). According to Eq. 1, this might occur either through an increase 1991.

in D (1 1 /1 ) or a decrease in 
0
(l, ) All three effects have interesting 2. bpy - 2,2'-bipyridin*; vpy - 4-vinylpyridine.

connotations but further experiments must elucidate their origin(s). 3. Calvert, ... ; Schnmehl. R.N.; Sulliven. S.F.; Pacci, J.5.; Meyer, 1.3.

Low temperature voltaintry of a Pt/poly-Ias(lipy) 2fvpy) 2 1(ClO3 )2 /Au Murray, N.H1. lnors. Chow., 1963, 22, 2151.

sandwich electrode in acetonitrile vapor (Fig. 12) in nimilar to room 4. Similar results art obtained in pure scetomitrile, liquid. hut because

temperature results (Fig. IC) except for a alight hysteresis indicating an ionic impurity the limiting currents were loes reproducible upon

lowered CIO37 mobility and a depressed ill, limiting current showing that successive potential scans.

electron hopping is an activated process in the vapor-bathed film. S. Electroneautrality will not rigorously apply at the interphasees between

The significance of the experiments in Pigs. IC-K is that voltemextry phases at equilibrimu or at steady-state 6. However, space charges will on

that can be understood (at least to a first order) with a simple electron lead to minor deviations from the predictions ade bore. Those deviations

diffusiom model, is observable in the absence of an electrolyte solution, will be esamined thoroughly is a future report 7

Thin openms a variety of possibilities for probing how electron tranafer 6. Suck. g.P. in "Ion-Selective glectrodes in Analytical Chemistry". Vol.

events depend 0m their environment. An obvious requirement of the experiment H. Praiser, 9d.. Plenum, New York, 1976. Chapter 1.

ts that electronctive material be a good ionic conductor. However two radon 7. Jernigan, S.C.;. Chiday, C.g.D.; Murray, 3.16., University of North

couples are not strictly required since one, can, for instance, start with an Carolina, unipublished work, 3964.

OsfIt/It) Oiled valat film 7. 6. (a) Pittman C. U.; Surynarayanan, S. J. Amer. C0.a. Soc. 1974, ,7

Aeknowlemomat. This resarch was supported in part by grants from the (b) Cowan, D. 0.; Park, 3.; plitman, C. U).. Sasaki, T.; Nuhkerje. T. K.;

Office of Bevel Research and the Nat iosel Science Poundation. Diamond. V. A. 3. deer. Mas. Sec. 1972, 94, 51l0; (c) COs.n 0. 0.; Eaom

P. 3. deer. Casm. Soc. 1970. 92, 219.
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9. (a) Shriver, D. F.; Papke. S. L.; Rater, N. A.; DuPon, R.; Wong, T.,

rodweis, N. Solid State Ionics 1981, S. 83; (b) lardy, L. C.; Shriver, 0. F.

Macromlecules 1904, 17. 975.

10. (a) Laser, D.; lard, A. J. J. glectrocbes. Soc. 1975. 122, 632; (b)

brilayer, G. I.; Srd, A. J. J. glectrocbm. Soc. 19i0. 127, 106.

11. 1bile the filas have not beeo analysed, the procedure for mking the Au

electrode cootact of the sandwich (see rigure legend) leads ue to epect that

efteT Au deposition the polymer contais little residual acetomitril. solvent.



ligure 1. Voltametry of Pt /poly- 109(bpy) 2 (pY 2 1(C10 4 )2 /Au Sandwich

electrode in various media; Sv3l.2oAJcm
2
, los 2.95 x 10 0./.n (ca. 00

EM vS-E oam fits). All voltsnogrmse at 25
0

C obtained with the some electrode with a

scan rate of 50mV/s except as noted. The electrode was thoroughly rinsed

40XSI Iwith CH 3C after electropolywerisation, dried. and subjected to 10
- 7 

tort

vacuum and moderate heating during Au evaporation. It was stored in a

deseitabor and then, in the order of the experiment., exposed to V2 gas

is E(V)vsSSM - (Curve D. CH3CM vapor (Curve C), and electrolyte solution (Curves A and B).

r-NB J Curve A) ipt vs Ept in 0.N Et 4 10CO4 /1 3 CN; Curve B) i1 t "s w tith tAuOV

vs SC! in O.13 tt 4 ClO4 /C 3 C1; Curve C) i ve j E between Pt end Au
ft- d -- *

electrodes in dry 2 saturated with ecetonitrile Vapor; Curve D) i vi 8& in

&EM fVdry P2 gas; @can race-2mV/s; Curve 10 i vs 81g in dry 2 saturated with

S C 3 CC vapor at -30C using a different sandwich electrode.
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